Recent development of techniques on computational fluid dynamics (CFD) has enabled us to simulate the complicated flow such as the wind around buildings. Large Eddy Simulation (LES) is expected to be adopted as an effective tool to evaluate wind load on buildings for wind-resistant design of structural frames, cladding and components. In this research, the accuracy of LES to predict the fluctuating pressures on a high-rise building influenced by windward building is examined by comparison with experimental results. Especially, focusing on the case that local peak pressure occurs, the availability of LES for practical application is discussed in view of wind-resistant design.
Introduction
Wind loads on high-rise buildings surrounded by other buildings in the real situation are quite different from those on isolated building. Nakamura (2009, 2010) carried out the wind tunnel experiments to obtain the wind pressures on a high-rise building influenced by windward building. The fluctuating pressures on the main (leeward) building model were measured with various locations and sizes of an adjacent (windward) building model. As a result, the critical phenomena with regard to extreme peak were emphasized from a physical point of view.
On the other hand, recent development of high-performance computers and techniques of CFD has enabled us to simulate the complicated flow such as the wind in urban area. Many researchers have tried to predict the aerodynamic forces and pressures for wind-resistant design of building using LES Tamura (2012, 2013) ). In most cases, the accuracy of LES has been evaluated by comparison with wind tunnel experiments using a fundamental object such as an isolated square cylinder. It is necessary to examine the validity of LES using various complicated models for application to actual buildings.
Unstructured grid systems are superior to conventional structured grid systems in terms of not only the adaptability to configuration but also flexibility to mesh density at each location in the computational region. Accordingly the unstructured grid with local refinement can meet the sensitivity of the complicated flows caused by the configuration or the arrangement of buildings.
In this paper, focusing on the specific condition that the highest negative peak pressure occurs at the corner edge of the leeward building model, the applicability of LES using unstructured grid system to estimate the fluctuating pressures is examined by comparison with those experiments. The capability to study the physical mechanism of complicated flow using CFD is shown as well.
Model for Two High-rise Buildings
The model consists of two high-rise buildings with square section. The width (B), depth (D) and height (H) of the main building are 50m, 50m and 200m respectively. The design wind speed is set as U H =49.1m/s at the top of the building. In this study, there are 2 types of adjacent building model located on the windward of the main building. One has the same size as the main building (case-A), the other is 1.5 times as large as the main building (case-B).
Wind Tunnel Experiment
Terazaki and Nakamura (2009, 2010) carried out the wind tunnel experiments to obtain the fluctuating pressures on the leeward building influenced by windward building (figure 1). A 1/500 scaled model was used and wind pressures were measured at 476 points on the walls of the leeward building model (figure 2). The experimental approach flow represented an urban wind profile with a power law exponent of 0.2 and the wind velocity at the height of the model was set as U H =11.5m/s. The measured pressures were converted into the time-histories of 1-second (real scale) mean pressures by taking moving average. The 6 parts of 10-minute (real scale) time-histories were taken and the pressure coefficients were determined by taking ensemble averaging over 6 values. The reference velocity pressure was obtained at the height of the leeward building.
As a result of the experiments with various locations and wind directions, the negative peak pressure extremely intensified on some specific cases. Figure 3 shows the cases that the magnitude of the negative peak pressure significantly increased compared to the case of isolated model. The minimum peak pressure coefficients ( C p _min) of those cases reach -4.2 and those exceed the value (-3.0) for design load of claddings indicated in AIJ Recommendations for Loads on Buildings (2004). case-A case-B
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Numerical Method
LES is carried out with the aim of reproduction of those experimental results. Threedimensional incompressible Navier-Stokes equations are used as governing equations. Equations are transformed into the discretized form by the finite volume method (FVM) and computational domain is divided using unstructured grid system (the tetrahedral and prismatic cells). As the flow velocities and the pressures are defined on the vertexes of cells, the configuration of control volume is polyhedral. The second-order central difference scheme is applied to the convective term and diffusion term. The time derivative term adopts the second-order implicit scheme. The non-dimensional time step is set as tU H /B=0.03. The Reynolds number is set to 70,000. For subgrid scale model of LES, the standard Smagorinsky model is employed. The universal constant is equal to 0.15 and the filter size is automatically determined by a volume V of the control volume through V 1/3 .
Inflow Turbulence Generation
Inflow turbulence is numerically generated using the wind tunnel model shown in figure 4. Spires and roughness blocks are appropriately placed inside the wind tunnel model. Uniform flow is set on the inlet boundary and boundary-layer turbulence is developed in the model as is the case in the wind tunnel experiment. Time-histories of wind velocity are accumulated at each point on the section near the outlet boundary (shown in figure 4) . The time-histories are saved in a file and applied to the inlet boundary of another model with buildings described later as the inflow turbulence. Generated velocity profiles are shown in figure 5 with the experimental data. The profiles of time averaged windward velocity <u> and turbulence intensity I are reproduced quite well within the height of the building. Figure 6 shows the computational model for the buildings. In this study, two types of building models are computed for the cases shown in figure 3 . The whole domain size is 30B ×20B×15B. For automatic generation of the unstructured grid system, the advancing front method is employed to create the tetrahedral in the domain based on the volume mesh density at each location determined preliminarily. Then prismatic cells are inserted on the walls and the ground. Figure 7 shows the unstructured grid system of whole domain (horizontal section). Figure 8 shows the grid systems near the building models. The finest spacing (approximately B/64 ) is set near the corner edges of the leeward building. The second finest spacing (approximately B/32 ) is set around the leeward building and the partial region between buildings in consideration of the shear layer from windward building. The number of cells is approximately 7,400,000 for case-A and 8,100,000 for case-B. The inflow turbulence, which is recorded as described in the last chapter, is interpolated spatially and imposed timesequentially at the velocity-defined grid points on the inlet boundary. 
Grid System for Building Models
Computed Results
The wind pressure coefficients (mean value C p_m , fluctuating value C p_s , maximum value C p_max and minimum value C p_min ) are determined using the computed values by the method which is used in the experiment. Figure 9 shows the distributions of the mean pressure coefficients C p_m and the fluctuating pressure coefficients C p_s on the leeward building model for the case-A. The shape of contours obtained by computation coincides well with experimental ones.
The computed mean pressure coefficients C p_m are approximately 10% larger than the experiments at location around the positive peak in side-a and at location around the negative peak in side-d. For the fluctuating pressure coefficients C p_s , the computed values are approximately 20% larger than the experiments at the same locations. Figure 14 and 15 show the distributions of the minimum ( negative peak ) pressure coefficients C p_min on the leeward building model. Each figure represents the side surface that the highest negative peak pressure occurs (side-d, Fig.9 ).
For the case-A, the high negative peak pressures occur in the limited region close to the corner edge. The computed distribution form coincides with experiments though the absolute values of computations are larger than experiments in most points of the surface.
For the case-B, the distribution profile is different from the case-A. The region where large negative peaks occur extends downward and this result is also shown in figure 13 . The computed results tend to intensify this characteristic.
[ EXP ]
[ LES ] ( case-B ) Figure 16 and 17 show the computed instantaneous flow fields when negative peak pressure occurs at the corner edge of leeward building (horizontal section, z=0.975H and z=0.525H).
For case-A, the flow field around the leeward building varies with the height as shown in figure 16 . The shear layer generated by windward building interacts with the corner edge of leeward building and the separation bubble is formed at the region where the negative peak pressure occurs at the height of 0.975H. While, at the same time, the shear layer at the height of 0.525H rolls up behind the windward building and the separating flow from the corner edge of leeward building is moved away from the side surface.
For case-B, the flow fields around the leeward building show the similar pattern in the vertical direction. The separation bubble is formed on the corner edge of leeward building at both levels and this results in vertical expansion of the area of large negative peaks as shown in figure 15. 
Conclusions
This paper examined the applicability of the unstructured LES which has advantage on the model formulation for various flows around complicated configurations in urban area. Here, we especially focus on the phenomena based on the fluid flow interaction with two high-rise buildings.
(1) On the whole, the computed data including the peak pressure increased by windward building have reproduced experimental data though the computed results tend to overestimate the magnitude of the pressures.
(2) LES results can elucidate the physical mechanism of complicated flow such as the separating shear layer between buildings, which causes the occurrence of extreme peak pressure. (3)The unstructured LES is available to evaluate wind load on buildings even at the critical condition induced by adjacent buildings.
